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(54) Magnetic tunneling element and manufacturing method therefor 

(57) A magnetic tunnelling element in which the tun- 
nel current flows reliably in an insulating layer to exhibit 
a stable magnetic tunnelling effect To this end, the 
magnetic tunnelling element at least includes a first 
magnetic layer, a tunnel barrier layer formed on the first 
magnetic layer and a second magnetic layer formed on 
the tunnel barrier layer. The tunnel current flows via the 
tunnel barrier layer between the first magnetic metal 
layer and the second magnetic metal layer. The surface 
of the first magnetic layer carrying the tunnel barrier 
layer has a surface roughness (Ra) of 0.3 nm or less. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a magnetic tunnel- 
ling element in which a pair of magnetic layers are lam- 
inated via a tunnel barrier layer and in which the tunnel 
current is caused to flow from one to the other magnetic 
layer, with the conductance of the tunnel current being 
changed in dependence upon the ratio of polarization of 
magnetization of the paired magnetic layers. This inven- 
tion also relates to a method for manufacturing the mag- 
netic tunnelling element. 

Description of the Related Art 

[0002] It has been reported that, if, in a layered 
structure comprised of a thin insulating layer sand- 
wiched between a pair of magnetic metal layers, a pre- 
set voltage is applied across the paired magnetic metal 
layers as electrodes, a magnetic tunnelling effect is dis- 
played, in which the conductance of the tunnel current 
flowing in the insulating layer is changed in dependence 
upon the relative angle of magnetization of the paired 
magnetic metal layers. That is, a layered structure com- 
prised of a thin insulating layer sandwiched between a 
pair of magnetic metal layers exhibits a magneto-resist- 
ance effect with respect to the tunnel current flowing in 
the insulating layer. 

[0003] In this magnetic tunnelling effect, the specific 
magnetoresistance can be theoretically calculated 
based on the ratio of polarization of magnetization of the 
paired magnetic metal layers. In particular, if Fe is used 
as the material of the paired magnetic metal layers, 
expectation may be made of the specific magnetoresist- 
ance amounting approximately to 40%. 
[0004] Therefore, a magnetic tunnelling element 
having a layered structure comprised of a thin insulating 
layer sandwiched between paired magnetic metal layers 
is stirring up notice as an element for detecting an exter- 
nal magnetic field. 

[0005] In the above-described magnetic tunnelling 
element, a metal oxide is routinely used as the thin insu- 
lating layer. However, if a metal oxide is used as an insu- 
lating layer, pinholes etc tend to be formed, such that 
shorting tends to be induced between the paired mag- 
netic metal layers. There are occasions wherein, if a 
metal oxide is used as an insulating layer, the metal oxi- 
dation degree is insufficient, such that the tunnel barrier 
is incomplete such that the magnetic tunnelling effect is 
not displayed. 

[0006] In the conventional magnetic tunnelling ele- 
ment, changes in conductance of the current in depend- 
ence upon the relative angle of magnetization of the 
paired magnetic metal layers, laminated via an insulat- 
ing layer in-between, that is the magnetic tunnelling 



effect, were detected. However, with the conventional 
magnetic tunnelling element, it is difficult to demon- 
strate the magnetic tunnelling effect reliably such that 
the conventional magnetic tunnelling element cannot be 
5 used for practical application. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present inven- 
10 tion to provide a magnetic tunnelling element in which 
the tunnel current flows positively in the insulating layer 
to exhibit the magnetic tunnelling effect in stability. 
[0008] In one aspect, the present invention provides 
a magnetic tunnelling element including a first magnetic 
layer, a tunnel barrier layer formed on the first magnetic 
layer; and a second magnetic layer formed on the tunnel 
barrier layer formed on the tunnel barrier layer, the tun- 
nel current flowing between the first magnetic layer and 
the second magnetic layer via the tunnel barrier layer. 
The surface of the first magnetic layer carrying the tun- 
nel barrier layer has a surface roughness (Ra) of 0.3 nm 
or less. 

[0009] With the magnetic tunnelling element 
according to the present invention, as described above, 
since the surface of the first magnetic metal layer carry- 
ing the tunnel barrier layer has an average surface 
roughness (Ra) of 0.3 nm or less, the tunnel barrier 
layer 2 has its surface planarized to a high degree, so 
that, with the present magnetic tunnelling element, the 
interface between the first magnetic metal layer and the 
tunnel barrier layer and that between the second mag- 
netic metal layer and the tunnel barrier layer are in opti- 
mum states to display the magnetic tunnelling effect 
reliably. 

[0010] In another aspect, the present invention pro- 
vides a method for manufacturing a magnetic tunnelling 
element at least including a first magnetic metal layer, a 
tunnel barrier layer and a second magnetic metal layer, 
laminated together, in which the method includes the 
steps of forming the first magnetic layer so that its major 
surface will have an average roughness (Ra) of 0.3 nm 
or less, forming the tunnel barrier layer on the major sur- 
face of the first magnetic metal layer and forming the 
second magnetic metal layer on the tunnel barrier layer. 
[001 1] With the manufacturing method for the mag- 
netic tunnelling element according to the present inven- 
tion, since the first magnetic metal layer is formed so 
that its major surface will be of the average surface 
roughness (RA) of 0.3 nm or less, the tunnel barrier 
layer formed on this major surface can be of optimum 
surface properties. Therefore, with this technique, the 
first magnetic metal layer and the tunnel barrier layer 
can be formed to optimum states. 
[0012] In particular, with the magnetic tunnelling 
element according to the present invention, the surface 
roughness (Ra) of the surface of the first magnetic 
metal layer carrying the tunnel barrier layer is 0.3 nm or 
less. Thus, with the present magnetic tunnelling ele- 
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ment, the tunnel current is allowed to flow positively 
between the first magnetic metal layer and the second 
magnetic metal layer in the vicinity of the tunnel barrier 
layer Therefore, the magnetic tunnelling element of the 
present invention positively exhibits the high magnetic 5 
tunnelling effect 

[001 3] Also, with the present manufacturing method 
for the magnetic tunnelling element, the first magnetic 
metal layer is formed so that its major surface will have 
an average roughness (Ra) of 0.3 nm or less. Thus, with 
the present technique, the magnetic tunnelling element 
can be provided which allows the current to flow reliably 
between the first magnetic metal layer and the second 
magnetic metal layer in the vicinity of the tunnel barrier 
layer. Therefore, with the present manufacturing method 
for the magnetic tunnelling element, a magnetic tunnel- 
ling element exhibiting a high magnetic tunnelling effect 
can be manufactured reliably. 

[0014] Since the high magnetic tunnelling effect can 
be realized in the present invention, the present inven- 
tion can be applied with advantage to a high output 
magnetic head. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig.1 is a cross-sectional view showing essential 
parts of a magnetic tunnelling element according to 
the present invention. 

Fig.2 is a perspective view showing essential por- 
tions of the connection between the magnetic tun- 
nelling element, constant current source and the 
voltmeter. 

Fig.3 is a graph showing the relation between the 
extrnal magnetic field and the specific magnetore- 
sistance. 

Fig.4 is a graph showing the relation between the 
average roughness (Ra) and the specific magne- 
toresistance on the surface of the first magnetic 
metal layer. 

Fig.5 is a graph showing the relation between the 
thickness of the first magnetic metal layer, inclusive 
of an underlying layer, and the average roughness 
of the first magnetic metal layer. 

Fig.6 is a graph showing the relation between the 
thickness of the first magnetic metal layer, inclusive 
of an underlying layer, and the specific magnetore- 
sistance. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0016] Referring to the drawings, preferred embodi- 
ments of a magnetic tunnelling element and a manufac- 
turing method therefor according to the present 
invention will be explained in detail. 
[0017] A magnetic tunnelling element, embodying 
the present invention, is made up of a first magnetic 
metal layer 3, having a NiFe layer 1 and a Co layer 2, a 
tunnel barrier layer 4 formed for overlying the first mag- 
netic metal layer 3, and a second magnetic metal layer 
8, having a Co layer 5, NiFe layer 6 and a FeMn layer 7. 
[0018] The magnetic tunnelling element is formed 
on a P-type Si substrate 9, on the surface of which has 
been formed an oxide layer approximately 300 nm in 
thickness by thermal oxidation. The present magnetic 
tunnelling element also has a Ta layer 9 on the FeMn 
layer 7 to prohibit corrosion of the FeMn layer 7. Mean- 
while, this Ta layer is formed to a thickness of approxi- 
mately 20 nm. 

[0019] Specifically, the respective layers of the 
present magnetic tunnelling element were formed under 
sputtering conditions shown in Table 1. It is noted how- 
ever that the magnetic tunnelling element and the man- 
ufacturing method therefor according to the present 
invention are not limitedtothese sputtering conditions. 
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[0020] In the present magnetic tunnelling element, 
the tunnel barrier layer was formed by forming an Al 



layer and substantially oxidizing this Al film. The odidiz- 
ing conditions are shown in the following Table 2. 



Table 2 



Ar gas flow rate 


30 seem 


oxygen gas flow rate (seem) 


15 seem 


sputtering gas pressure 


0.3 Pa 


discharging type 


RF back sputtering 


making power (W) 


20W 


oxidation time (sec) 


2000 sec 



[0021] In the present magnetic tunnelling element, 
the first magnetic metal layer 3 and the second mag- 
netic metal layer 8, each in a strip shape, are formed for 
crossing each other, as shown in Fig.2. In this magnetic 
tunnelling element, the tunnel barrier layer 4 are formed 
for covering at least the crossing region of the first mag- 
netic metal layer 3 and the second magnetic metal layer 
8. In the present magnetic tunnelling element, the vicin- 
ity of the end of the first magnetic metal layer 3 and the 
vicinity of the end of the second magnetic metal layer 8 
are formed on the P-type Si substrate 9. However, since 
an oxide layer is formed on the surface of the P-type Si 
substrate 9, there is no risk of shorting of the first mag- 
netic metal layer 3 and the second magnetic metal layer 
8. 

[0022] Also, in the present magnetic tunnelling ele- 
ment, the NiFe layer 1 of the first magnetic metal layer 3 
has been subjected to uniaxial orientation processing in 
a predetermined direction so that it proves a free mag- 
netization film the direction of magnetization of which is 
changed by the external magnetic field. On the other 
hand, the NiFe layer 6 othe second magnetic metal 
layer 8 is exchange-coupled to the FeMn layer 7 so that 
it proves a fixed magnetization film having a fixed mag- 
netization in a predetermined direction. Thus, if a prede- 
termined external magnetic field is applied to the 
present magnetic tunnelling element, the magnetization 
of the NiFe layer 1 is changed responsive to the external 
magnetic field. Thus, as a result of application of the 
external magnetic field, the magnetization of the NiFe 
layer 1 hasa predetermined angle with respect to that of 
the NiFe layer 7 of the second magnetic metal layer 8. 
[0023] With the present magnetic tunnelling ele- 
ment, a constant current source 20 is connected to an 
end of the first magnetic metal layer 3 and to an end of 
the magnetic metal layer 8, whist a voltmeter 21 is 
mounted on the other end of the first magnetic metal 
layer 3 and on the other end of the magnetic metal layer 
8, as shown in Fig.2. 

[0024] In the above-described magnetic tunnelling 
element, the tunnel current which traverses the tunnel 
barrier layer flows between the first magnetic metal 
layer 3 and the magnetic metal layer 8, by a constant 
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current furnished from the constant current source 20. 
If, in this magnetic tunnelling element, a predetermined 
external magnetic field is applied, the direction of mag- 
netization of the NiFe layer 1 is at a predetermined angle 
with respect to that of the NiFe layer 7. 5 
[0025] With the present magnetic tunnelling ele- 
ment, the resistance value to the tunnel current is 
changed depending on the relative angle between the 
direction of magnetization of the NiFe layer 1 and that of 
the NiFe layer 7. Thus, if the constant current is supplied 10 
from the constant current source 20, the change in the 
resistance value to the tunnel current is represented as 
changes in voltage, so that, in the present magnetic tun- 
nelling element, the external magnetic field can be 
detected by detecting voltage changes of the constant 15 
furnished current. 

[0026] The magnetic tunnelling element can be 
used for a variety of magnetic devices, such as, for 
example, a magnetic head, a magnetic sensor or a 
magnetic memory. 20 
[0027] Also, in the present magnetic tunnelling ele- 
ment, the Co layer 2 of the first magnetic metal layer 3 
and the Co layer 5 of the second magnetic metal layer 8 
are higher in the ratio of spin polarization than the NiFe 
layer 1 or the NiFe layer 6 and hence serve for achieving 25 
a higher specific magnetoresistance. That is, by arrang- 
ing the Co layer 2 and the Co layer 5 on an interface 
between the NiFe layer 1 and the tunnel barrier layer 4 
and on an interface between the NiFe layer 6 and the 
tunnel barrier layer 4, it is possible to increase the spe- 30 
cific magnetoresistance of the magnetic tunnelling ele- 
ment. 

[0028] In particular, in the present magnetic tunnel- 
ling element, the average roughness (Ra) of the major 
surface 3a of the first magnetic metal layer 3, stated dif- 35 
ferently, the surface of the Co layer 2, is set to 0.3 nm or 
less. Thus, with the present magnetic tunnelling ele- 
ment, the tunnel barrier layer 4 is formed on the Co layer 
2 having the average roughness (Ra) not higher than 
0.3 nm. Therefore, the tunnel barrier layer 4 has a sub- 40 
stantially planar interface to the Co layer 2, while having 
a planar major surface. 

[0029] Also, in the present magnetic tunnelling ele- 
ment, the second magnetic metal layer 8 is formed on 
the tunnel barrier layer 4, having a planar major surface, 45 
the interface between the tunnel barrier layer 4 and the 
second magnetic metal layer 8 is also planar. 
[0030] Therefore, if, with the present magnetic tun- 
nelling element, an external magnetic field is applied, as 
described above, the direction of magnetization can be so 
positively changed, in dependence upon this external 
magnetic field, in the vicinity of the interface to the tun- 
nel barrier layer 4 of the NiFe layer 1. Thus, with the 
present magnetic tunnelling element, the direction of 
magnetization of the NiFe layer 1 makes a predeter- 55 
mined angle with that of the NiFe layer 7, depending on 
the external magnetic field, in the vicintiy of the interface 
to the tunnel barrier layer 4. The result is that, with the 



present magnetic tunnelling element, the magnetic tun- 
nelling effect is positively displayed in dependence upon 
the external magnetic field, as shown in Fig.3. It is noted 
that, in Fig.3, measurement was made in the external 
magnetic field of approximately ±24 kA/m (300 Oe). 
Also, as may be seen from Fig.3, the magnetic field of 
exchange coupling is 3.3 kA/m (approximately 41.25 
Oe), with the resistance value and the specific magne- 
toresistance of the element being 25Q and approxi- 
mately 15%, respectively. 

[0031] An experiment for investigating into the rela- 
tion between the average roughness (Ra) and the spe- 
cific magnetoresistance is now explained. In the 
following explanation, the average roughness (Ra) of 
the surface of the first magnetic metal layer 3 has been 
measured using an atomic force microscope. 
[0032] In the present experiment, such a magnetic 
tunnelling element was used in which an Al layer and a 
Ta layer have been formed as underlying layers of the 
first magnetic metal layer and in which the NiFe layer 
was formed using high frequency induction coupling RF 
supporting magnetron sputtering, stated in Fig.4 as ICP 
sputtering. The results are shown in Fig.4. 
[0033] It may be seen from Fig.4 that the smaller 
the average roughness of the interface to the tunnel bar- 
rier layer, that is the average roughness (Ra) of the Co 
layer, the larger becomes the specific magnetoresist- 
ance, and that, in order for the specific magnetoresist- 
ance to be not less than 5%, the the average roughness 
(Ra) of the Co layer needs to be 0.03 nm or less. 
[0034] In a magnetic tunnelling element, the NiFe 
layer of which has been formed by the high frequency 
induction coupling RF supporting magnetron sputtering, 
the average roughness (Ra) of the Co layer could be set 
to 0.15 nm, thus achieving a specific magnetoresist- 
ance as high as 18%. 

[0035] Meanwhile, measurment was made of the 
relation between the thickness of the first magnetic 
metal layer 3 and/or the underlying layer and the aver- 
age roughness (Ra) of the Co layer in case an underly- 
ing layer is not provided for the first magnetic metal layer 
3, an Al underlying layer is preovided for the first mag- 
netic metal layer 3 and in case a Ta underlying layer is 
provided for the first magnetic metal layer 3. It is notedt- 
hat, if no underlying layer is provided for the first mag- 
netic metal layer 3, the entire film thickness was 
changed by changing the thickness of the Co layer 2 
with the thickness of the NiFe layer 1 remaining 
unchanged (18.8 nm). If there is provided the Al under- 
lying layer or the Ta underlying layer, the entire thick- 
ness was changed by changing the thickness of the Al 
underlying layer or the Ta underlying layer, with the 
thickness of the NiFe layer 1 remaining unchanged 
. (18.8nm). 

[0036] The measured results are shown in Fig.5, 
from which it isseen that, if the Al underlying layer is pro- 
vided for the first magnetic metal layer 3, the average 
roughness is increased with increase in the thickness of 
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the Al underlying layer. Conversely, if there is no under- 
lying layer or if there is the Ta underlying layer, the aver- 
age roughness is scarcely changed with changes in 
thickness. 

[0037] It is seen from this that, if Al is used as the 5 
underlying layer for the first magnetic metal layer 3, the 
average roughness of the first magnetic metal layer 3 
can be decreased by reducing the thickness of the Al 
layer. By decresingthe thickness of the Al underlying 
layer to decrease the average roughness of the first 10 
magnetic metal layer 3, it is possible to increase the 
specific magnetoresistance of the magnetic tunnelling 
element. 

[0038] For verification, measurement was made of 
the relation between the overall thickness and the spe- 15 
cific magnetoresistance in case the thickness of the Co 
layer 2 is changed in the absence of the underlying 
layer, and in case the thickness of the Al underlying 
layer or the Ta underlying layer is changed. The meas- 
ured results are shown in Fig. 6. 20 
[0039] As may be seen from Fig. 6, in the presence 
of the Al underlying layer, the specific magnetoresist- 
ance tends to disappear with increased thickness of the 
Al underlying layer. If there is no underlying layer or if 
there is the Ta underlying layer, a predetermined spe- 25 
cific magnetoresistance is displayed regardless of the 
overall thickness. It is seen from this that, in the pres- 
ence of the A! underlying layer, the magnetic tunnelling 
element shows predetermined changes in the magne- 
toresistance by reducing the thickness of the Al layer. 30 

Claims 

1 . A magnetic tunnelling element comprising: 

35 

a first magnetic layer; 

a tunnel barrier layer formed on said first mag- 
netic layer; and 

40 

a second magnetic layer formed on said tunnel 
barrier layer formed on said tunnel barrier layer, 
the tunnel current flowing between said first 
magnetic layer and the second magnetic layer 
via said tunnel barrier layer, 45 
wherein 



scribed thereon the surface shape of said metal 
film. 

4. A method for manufacturing a magnetic tunnelling 
element at least including a first magnetic metal 
layer, a tunnel barrier layer and a second magnetic 
metal layer, laminated together, comprising the 
steps of: 

forming said first magnetic layer so that its 
major surface will have an average roughness 
(Ra) of 0.3 nm or less; 

forming said tunnel barrier layer on the major 
surface of said first magnetic metal layer; and 

forming said second magnetic metal layer on 
said tunnel barrier layer. 

5. The method for manufacturing a magnetic tunnel- 
ling element according to claim 4 wherein 

said first magnetic metal layer is formed by a 
high frequency inductive coupling RF plasma 
supporting magnetron sputtering method. 

6. A magnetic head having a magnetic tunnelling ele- 
ment at least including a first magnetic layer, a tun- 
nel barrier layer formed on said first magnetic layer 
and a second magnetic layer formed on said tunnel 
barrier layer, the tunnel current flowing via said tun- 
nel barrier layer between said first magnetic metal 
layer and the second magnetic metal layer, 

wherein 

the surface of said first magnetic layer carrying 
said tunnel barrier layer has a surface rough- 
ness (Ra) of 0.3 nm or less. 



the surface of said first magnetic layer carrying 
said tunnel barrier layer has a surface rough- 
ness (Ra) of 0.3 nm or less. 50 

2. The magnetic tunnelling element according to claim 
1 wherein said first magnetic layer is formed on a 
metal film serving as an electrode for the tunnel cur- 
rent. 55 

3. The magnetic tunnelling element according to claim 
1 wherein said first magnetic metal layer has tran- 
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